
LLET FOR COLD FORGING, METHOD OF MANUFACTURING BILLET 
FOR COLD FORGING, METHOD OF CONTINUOUSLY COLD-FORGING 
BILLET, METHOD OF COLD-FORGING CRANKSHAFT, 
METHOD OF COLD-FORGING DISK-SHAPED PART WITH SHAFT, 
AND COLD-FORGING DIE APPARATUS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention: 

The present invention relates to a billet for 
cold forging with high def ormability and maintained 
hardenability, which can continuously be cold-forged 
without the need for process annealing, a technique for 
manufacturing such a billet for cold forging, a method of 
continuously cold-forging such a billet into a disk- 
shaped part with a shaft such as a connecting rod for an 
engine, and a cold- forging die apparatus. 
2. Description of the Related Art: 

Heretofore, crankshafts and connecting rods 
for use in engines for motorcycles have mainly been manu- 
factured by a hot forging process. It is the general 
practiced to heat the material to a temperature equal to 
or higher than its recrystallization temperature and 
forged to shape. 

Materials for use in the hot forging process 
include a thermally refined steel and a thermally unre- 
fined steel. The thermally refined steel is a steel that 
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has been heated to about 1200° C and thereafter quenched 
and tempered for increased strength and toughness. A 
carbon steel that is used as the material of crankshafts 
is usually treated with heat . 

The thermally unrefined steel is a steel with 
added vanadium that has been heated to about 1200° C and 
thereafter air-cooled for increased strength and tough- 
ness . 

Crankshafts have portions, i.e., worms and ta- 
pers, that are required to have a higher hardness than 
other portions thereof. The crankshafts need to contain 
carbon (C) in order to increase the hardness of these 
portions by subsequent induction hardening. Therefore, 
the material which is to be hot -forged into crankshafts 
is usually a carbon steel according to JIS S48C. 

The carbon steel S48C is composed of 0.45 - 
0.51 wt % of C, 0.15 - 0.35 wt % of Si, 0.6 - 0 . 9 wt % of 
Mn, 0.03 wt % or less of P, 0.035 wt % or less of S, 0.3 
wt % or less of Cu, 0.2 wt % or less of Ni, and 0.2 wt % 
or less of Cr. 

The carbon steel S48C has such cold forgeabil- 
ity that its upsetting ratio ranges from about 70 to 
75 %. If the carbon steel S48C were cold-forged at an 
upsetting ratio of 90 % or more, then it would crack and 
fail to be deformed to desired shape. 
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The def ormability of the carbon steel S48C is 
affected by elements including Si, P, S, and Cu. Si is 
effective to increase the hardness and tensile strength 
of the steel and speed up the growth of crystal grain 
upon heat treatment, but tends to reduce stretchability 
and impact values for thereby impairing the forgeability 
of the steel. P in the form of a solid solution in fer- 
rite also increases the hardness and tensile strength of 
the steel, but is liable to reduce impact values, making 
it easy for the steel to crack and cause cold brittle- 
ness. If the carbon steel S48C contains a large amount 
of Si, then it precipitates manganese sulfide (MnS) that 
tends to start cracking when the steel is cold- forged, so 
that the steel is apt to crack when machined. If the 
carbon steel S48C contains a large amount of Cu, then the 
ferrite hardness increases to the extent that impairs the 
cold forgeability of the steel. 

From the standpoint of keeping a desired level 
of hardenability , it is preferable to contain the same 
amount of C as with the above material for hot forging. 
Mn is also desirable to be contained in the same amount 
as with the above material for hot forging because Mn in 
the form of a solid solution in ferrite lowers the trans- 
formation temperature of the steel, allowing the steel to 
be easily quenched. 
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The hot -forging process is disadvantageous in 
that since die surfaces used tend to be easily worn, hot- 
forged products have poor dimensional accuracy and need 
to have a large finishing allowance to be removed when 
they are machined, and hence are machined with low effi- 
ciency. Furthermore, because hot -forged products have a 
large lathing allowance, the number of lathes required to 
machine the hot-forged products increases, resulting in a 
large amount of initial investments . 

In addition, inasmuch as the material is hot- 
forged after it has been heated, scales are produced from 
the material during the hot-forging process. Further- 
more, the hot -forging process makes it difficult to keep 
the working environment clean because the die surfaces 
need to be coated with a parting agent. 

The cold-forging process is capable of solving 
the above problems with respect to the dimensional accu- 
racy of forged products, the working environment, and the 
initial investments. However, the greatest problem of 
the cold-forging process is that the def ormability of the 
material that is cold-forged is so small that the mate- 
rial tends to crack during the cold-forging process. 

One conventional cold-forging process for 
manufacturing a crankshaft is shown in FIG. 25 of the ac- 
companying drawings . 
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As shown in FIG. 25, the conventional cold- 
forging process is carried out by slowly cooling a rolled 
billet to soften the billet, deep-drawing and upsetting 
the billet while it is cold, thereafter softening the 
billet at an intermediate stage to remove strains intro- 
duced by the deep-drawing and upsetting steps, roughly 
shaping the billet into a crankshaft while it is cold, 
finally shaping the crankshaft while it is cold, removing 
an outer circumferential edge of the crankshaft while it 
is cold, forming a pin hole in the crankshaft while it is 
cold, and thereafter finishing the crankshaft by grinding 
the shank thereof and induction -hardening the crankshaft. 

The conventional cold-forging process is li- 
able to cause the billet to crack in the upsetting stage 
more frequently than the hot-forging process. To prevent 
the billet from cracking, the billet is softened in the 
intermediate stage to cancel strains developed so far in 
the cold-forging process. If the billet tends to be de- 
formed greatly, then it is necessary to add more soften- 
ing steps in the intermediate stage. 

With softening steps introduced in the inter- 
mediate stage, however, the cold-forging process which 
would otherwise be continuous except for die changing is 
interrupted, and heat- treatment apparatus need to be in- 
stalled to operate somewhere in the entire cold-forging 
process. Consequently, the cold-forging process is also 
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problematic though the problems are not as serious as 
those of the hot-forging process. 

It is an object of first and second inventions 
to provide a composition for a billet for cold forging 
which can continuously be cold-forged, i.e., does not 
need an intermediate softening step in the cold-forging 
process, and can well be hardened, and a method of manu- 
facturing such a billet for cold forging. 

An object of a third invention is to provide a 
method of manufacturing such a billet for cold forging 
with a simplified spherodizing step required to manufac- 
ture a billet that can continuously be cold-forged. 

In the manufacture of crankshafts for use in 
engines for motorcycles, there is a process of forming a 
split -type crankshaft in the form of a disk with shafts 
attached to both sides thereof, and connecting the split- 
type crankshaft with a pin . One conventional process of 
forming such a split -type crankshaft is disclosed in 
Japanese laid-open patent publication No. 58-215237, for 
example . 

According to the disclosed process, a round 
bar is forged into a disk- shaped crank body with a shaft, 
and a counterweight is formed separately from the disk- 
shaped crank body. Then, the counterweight is integrally 
joined to the disk of the crank body. 
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However, the above process is disadvantageous 
in that the number of steps of the process is large be- 
cause the crank body and the counterweight are separately 
formed and then joined to each other. 

Furthermore, since the joining step is differ- 
ent from the respective steps of forming the crank body 
and the counterweight, the joining step needs a prepara- 
tory action for joining the crank body and the counter- 
weight to each other. 

If the crank body and the counterweight are 
produced by hot forging, then a grinding process for re- 
moving scales from the crank body and the counterweight 
and a machining process for achieving a desired level of 
dimensional accuracy are subsequently required. There- 
fore, the efficiency with which to produce the crank body 
and the counterweight is relatively low, resulting in a 
low yield of crankshafts. 

It is an object of a fourth invention to pro- 
vide a method of cold- forging a crankshaft without a ma- 
chining step to remove scales for thereby increasing a 
yield and achieving a large cost reduction. 

Objects of fifth, sixth, and seventh inven- 
tions are to provide a method of cold-forging a disk- 
shaped part with a shaft, a method of cold- forging a 
crankshaft, and a method of cold-forging a disk- shaped 
part with a shaft, respectively, to manufacture a disk- 
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shaped part with a shaft which has disk portions of dif- 
ferent volumes, by eliminating different steps of forming 
the disk portions of different volumes separately and 
joining them to each other, for thereby doing away with 
the trouble of a preparatory action and increasing a 
yield. 

Japanese laid-open patent publication No. 60- 
10224 5 discloses a known apparatus for forging crank- 
shafts . 

The disclosed forging apparatus forms splines 
on the shank of a split -type crankshaft by forging. Spe- 
cifically, the shank of a split -type crankshaft whose 
overall shape has been formed by hot forging is set in a 
lower die, and the counterweight of the split-type crank- 
shaft is pressed by a nib of an upper die to form splines 
on the shank with a tooth die in the lower die. The nib 
is divided into separate components, and a resilient mem- 
ber is held against rear surfaces of the nib components . 
Even when the nib presses a counterweight having a step, 
the resilient member applies uniform forces the counter- 
weight around the shank to prevent shank side end sur- 
faces from being displaced. 

Although the cold-forging process can solve 
the problems with respect to the dimensional accuracy of 
forged products, the working environment, and the initial 
investments, the cold-forging process is costly in that 
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it places large burdens on dies and hence the dies have a 
relatively short service life. The nib that is divided 
into the components to accommodate the height of the 
counterweight is only effective to handle the existing 
counterweight, but not applicable to different counter- 
weights that are to be produced. 

It is an object of an eighth invention is to 
provide a cold- forging die apparatus which will solve the 
above problems . 
3. Summary of the Invention: 

According to the first invention, a billet of 
steel for continuous cold forging is composed of 0.4 6 - 
0.48 wt % of C, 0.14 or less of Si, 0.55 - 0.65 wt % of 
Mn, 0.015 wt % or less of P, 0.015 wt % or less of S, 
0.15 wt % or less of Cu, 0.20 wt % or less of Ni, and 
0.35 wt % or less of Cr. 

The first invention is based on the composi- 
tion of S48C that is a material for hot forging with the 
amount of C being equal to that in S48C for maintaining 
hardenability . According to the first invention, it has 
been determined how much Si, P, S, and Cu, which are li- 
able to be responsible for material cracking in cold 
forging, has to be reduced, and the billet of the above 
composition for cold forging has been prepared based on 
the determined results . 
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It Is preferable to manufacture the above bil- 
let for cold forging by, as with the second invention, 
spherodizing a carbide in a bar- shaped blank in a first 
spherodizing annealing step, thereafter drawing the blank 
at a predetermined sectional area reduction ratio, cut- 
ting the blank to a predetermined length, and thereafter 
promoting the dispersion of the internal carbide for an 
increased spherodizing ratio in a second spherodizing an- 
nealing step. The billet thus manufactured has reduced 
hardness , improved f orgeability , and an increased sur- 
face-layer elongation ratio. The hardness of the cold- 
forged product can be increased by aging. 

Through the above annealing steps , the carbide 
of the billet has an aspect ratio of 300 % or less. The 
billet of the above composition has a limiting upsetting 
ratio of 90 % or more. 

For cutting the bar to a desired dimension, 
the bar should preferably be cut between the drawing step 
and the second spherodizing annealing step. 

In the first spherodizing annealing step, the 
machinability of the blank in its entirety is increased 
so as to be able to give strains well inside the blank, 
and to make the pearlite finer. In the drawing step, the 
austenite grain produced by subsequent annealing is made 
finer for an increased spherodizing rate. In the second 
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spherodizing annealing step, the carbide is dispersed for 
further increasing the spherodizing rate. 

By thus spherodizing the billet structure, the 
billet can continuously be cold-forged. It is desirable 
to further simplify the step of spherodizing the billet 
structure . 

Specifically, the billet structure can be 
turned into a fine spherodized structure by performing 
the spherodizing annealing step before the drawing step 
and also performing the spherodizing annealing step after 
the drawing step, i.e., performing two spherodizing an- 
nealing steps, as with the second invention. From the 
standpoint of cost, the omission of a further step is de- 
sirable . 

According to the third invention, a method of 
manufacturing a billet for cold forging is characterized 
by the steps of quenching a blank unloaded from a heating 
furnace to form a fine martensitic structure in a surface 
thereof, and then annealing the blank to convert the 
martensitic structure of the surface into a fine 
spherodized structure comprising ferrite and cementite. 

When annealed, the internal structure of the 
blank which has been of a mixed phase of ferrite and 
pearlite is spherodized with the pearlite broken. There- 
fore, both the internal structure and the surface layer 
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of the blank are spherodized, resulting in extremely high 
clef ormability . 

The blank may be annealed by holding the blank 
at about 740° C for 6 hours, thereafter dropping the tem- 
perature to about 680° C at a rate of 20°C/h, and thereaf- 
ter cooling the blank in a furnace, or may be annealed by 
holding the blank at about 7 50° C for 4 hours, then at 
about 735° C for 3.5 hours, thereafter dropping the tem- 
perature to about 680° C at a rate of 15°C/h, and thereaf- 
ter cooling the blank in a furnace. 

As with the second invention, the blank may 
appropriately be made of a carbon steel which is composed 
of 0.46 - 0.48 wt % of C (carbon), 0.14 or less of Si 
(silicon), 0.55 - 0.65 wt % of Mn (manganese), 0.015 wt % 
or less of P (phosphorus), 0.015 wt % or less of S (sul- 
fur), 0.15 wt % or less of Cu (copper), 0.20 wt % or less 
of Ni (nickel), 0.35 wt % or less of Cr (chromium), and a 
remainder of Fe (iron) and impurities. 

According to the fourth invention, a method of 
cold-forging a crankshaft from a billet formed by con- 
tinuous cold forging is characterized by the first step 
of extruding the billet to form a multi- stepped shaft 
having at least two steps and contiguous to a main body, 
the second step of upsetting and drawing the formed work- 
piece to simultaneously increase the diameter of the main 
body and reduce the diameter of at least a portion of the 
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multi-stepped shaft, the third step of upsetting and 
drawing the formed workpiece to simultaneously rough the 
main body to an asymmetrical shape and reduce the diame- 
ter of at least a portion of the multi- stepped shaft, the 
fourth step of pressing an asymmetrical boundary of the 
main body to simultaneously finish the main body and form 
a central hole axially centrally in the main body, and 
the fifth step of forming a pin hole in the main body at 
a predetermined position and removing an outer circumfer- 
ential portion of the main body thereby to shape the main 
body . 

By thus continuously cold-forging the billet, 
the diameter of the multi -stepped shaft is gradually re- 
duced, and the main body, which will become a counter- 
weight, is gradually upset into an asymmetrical shape. 
At this time, the elongation ratio of the material in- 
creases due to the heating of the material by the machin- 
ing at a large deformation rate, and the initial deform- 
ability is maintained at the stage where many carbides, 
which start cracking, are present in the form of a solid 
solution in ferrite. By continuously cold-forging the 
billet in view of these features, the billet can be ma- 
chined at a maximum upsetting ratio of about 92 %. 

If a right or left crankshaft is formed by a 
continuous cold- forging process, then scale removal and 
mechanical machining for achieving accuracy in subsequent 
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steps are dispensed with, with the result that the yield 
is increased. 

The billet for cold forging is preferably made 
of a carbon steel based on the composition of JIS S48C 
from which the contents of Si (silicon), P (phosphorus), 
and S (sulfur) that are liable to cause material cracking 
are reduced. If such a material is spherodized by an- 
nealing, then drawn, and spherodized by annealing again, 
then the cold forgeability is preferably increased. 

Splines are formed on an end of said multi- 
stepped shaft in said fourth step. 

By thus simultaneously forming splines, a me- 
chanical machining process for forming splines can be 
dispensed with. 

According to the fifth invention, a method of 
cold-forging a disk- shaped part with a shaft from a 
multi- stepped intermediate blank through a plurality of 
forging steps is characterized by forming an asymmetrical 
disk having left and right portions of different volumes 
with respect to an axial center of said intermediate 
blank . 

By thus cold-forging the asymmetrical disk 
having the portions of different volumes, preparatory ac- 
tions may be omitted, the manufacturing process is sim- 
plified, and a mechanical machining process for removing 
scales can be dispensed with, so that the yield is better 
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than with hot forging. The billet for cold forging is 
preferably made of a carbon steel based on the composi- 
tion of JIS S48C from which the contents of Si (silicon), 
P (phosphorus), and S (sulfur) that are liable to cause 
material cracking are reduced. If such a material is 
spherodized by annealing, then drawn, and spherodized by 
annealing again, then the cold forgeability is preferably 
increased. 

The ratio of the volumes of the left and right 
portions of said disk is about 1:2. With the volume 
ratio thus selected, the method is optimum for the manu- 
facture of a counterweight of a crankshaft . 

According to the fifth invention, in order to 
achieve the different volumes , inclined surfaces having 
different angles of inclination are formed across a junc- 
tion between the left and right portions which extends 
from the shaft of the blank to the disk. The angle of 
inclination of the portion having the greater volume is 
smaller than the angle of inclination of the portion hav- 
ing the smaller volume. 

By thus forming the inclined surfaces having 
different angles of inclination across the junction be- 
tween the left and right portions which extends from the 
shaft of the blank to the disk, the left and right angles 
of friction differ from each other when the disk is upset 
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axially, making it possible to make the material flow 
differently in the left and right portions. 

In the case where the angle of inclination of 
the portion having the greater volume is smaller than the 
angle of inclination of the portion having the smaller 
volume, the material is less likely to flow toward the 
greater angle of inclination, but more likely to flow to- 
ward the smaller angle of inclination. Therefore, the 
disk- shaped part with the shaft can be formed without ma- 
terial cracking and without being subjected to an exces- 
sive load. 

The left and right angles of inclination are 
appropriately established depending on the desired volume 
ratio, so that a desired volume difference will be pro- 
duced by upsetting or the like. 

According to the sixth invention, a method of 
cold-forging a crankshaft is characterized by continu- 
ously cold- forging a blank made of a carbon steel which 
is composed of 0.46 - 0.48 wt % of C, 0.14 or less of Si, 
0.55 - 0.65 wt % of Mn, 0.015 wt % or less of P, 0.015 
wt % or less of S, 0.15 wt % or less of Cu, 0 . 20 wt % or 
less of Ni, 0.35 wt % or less of Cr, and a remainder of 
Fe and impurities, thereby to produce a crankshaft, and 
thereafter aging the crankshaft (e.g., at a temperature 
ranging from 250 to 350° C for 1 to 2.5 hours). 
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According to the seventh invention, a method 
of cold-forging a disk- shaped part with a shaft is char- 
acterized by holding the shaft of the cold-forged disk- 
shaped part with a lower support base of a forming die , 
lowering an upper die assembly to hold the disk of the 
disk- shaped part between the lower support base and an 
upper support base and lower the disk- shaped part by a 
predetermined stroke, punching a hole in a predetermined 
region of the disk with a punch of a lower die assembly, 
and thereafter lowering the upper die assembly to cause 
an upper die to remove an outer circumferential portion 
of the disk. 

Since the hole is formed in the disk and the 
outer circumferential portion is removed from the disk at 
the same time, the process is simplified for increased 
productivity . 

Because the disk- shaped part with the shaft is 
formed by continuous cold forging, a mechanical machining 
process for removing scales after hot forging is dis- 
pensed with, and hence the process is further simplified. 

Inasmuch as the hole is punched based on the 
shaft of the disk- shaped part, the hole can be formed 
with good accuracy, and the outer circumferential portion 
can be removed from the disk with good balance, so that a 
mechanical machining process for retaining accuracy can 
be dispensed with. 
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If the disk- shaped part with the shaft com- 
prises a split-type crankshaft, then the hole formed by 
the punch is a pin hole, and the outer circumferential 
portion removed from the disk is a burr which is formed 
when the disk- shaped part is forged. 

According to the seventh invention, the method 
is characterized by accommodating a scrap removed by the 
punch in a receptacle in the upper support base, holding 
a scrap removed by the upper die between the lower die 
assembly and the upper die, and thereafter, when the up- 
per die assembly is lifted, placing the scraps into 
original positions thereof in the disk, and discharging 
the scraps when the disk- shaped part is ejected. 

Since the scraps are returned to their origi- 
nal positions and then discharged, it is not necessary 
for the die assemblies to have scrap discharge passages, 
and the scraps can be discharged quickly. 

A forming die apparatus for simultaneously 
forming a hole in a predetermined region of a disk of a 
disk-shaped part with a shaft which has been cold-forged, 
and removing an outer circumferential portion of the disk 
is characterized by a lower support base vertically mov- 
able by a predetermined stroke for holding the shaft of 
the disk-shaped part, a punch fixed to a lower die assem- 
bly, an upper support base for holding the disk of the 
disk- shaped part in coaction with the lower die assembly 
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in response to downward movement of the upper die assem- 
bly, and an upper die vertically movable with respect to 
said upper support base, the arrangement being such that 
while the disk- shaped part with the shaft is being low- 
ered the predetermined stroke upon downward movement of 
the upper die assembly, a hole is formed in the disk by 
the punch, and upon further downward movement of the up- 
per die assembly, the downward movement of the disk- 
shaped part with the shaft stops and the outer circumfer- 
ential portion of the disk is removed by the upper die. 

According to the eighth invention, a cold- 
forging die apparatus for upsetting a blank for cold 
forging between a punch and a die is characterized in 
that said punch has a nib and a reinforcing ring fitted 
around said nib, said nib being split into an inner nib 
and an outer nib which are held in interfitting relation- 
ship to each other, by a split surface which is located 
in the vicinity of a boundary between a region where ra- 
dial stresses mainly act and a region where axial 
stresses mainly act when the blank is upset. 

If stresses in different directions act on the 
nib, then if the nib is of a unitary structure, tensile 
stresses are produced in a region of the nib which corre- 
sponds to the boundary between these stresses in differ- 
ent directions, tending to cause the nib to crack. 
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By splitting in advance the region of the nib 
which corresponds to the boundary between these stresses 
in different directions, the stresses in the region are 
reduced, and the die service life is extended. 

If the boundary between the stresses in dif- 
ferent directions is located at the split surface between 
the inner nib and the outer nib, then a step is produced 
on the nib, and transferred to the cold-forged product. 

To avoid the above drawback, the inner nib 
where axial stresses mainly act when the blank is upset 
preferably has an axial dimension selected such that the 
inner nib projects axially beyond the outer nib, in view 
of an axial deformation caused when the blank is upset . 

The cold- forging die apparatus is suitable for 
use in forming a counterweight of a crankshaft. However, 
the cold-forging die apparatus is also applicable to the 
manufacture of other products. 

4 . Brief Description of the Drawings : 

FIG. 1 is a diagram illustrative of a method 
of manufacturing a billet for cold forging from a round 
bar of material constituents according to a first inven- 
tion and a method of manufacturing a billet for cold 
forging according to a second invention; 
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FIG . 2 is a graph showing the relationship be- 
tween a cold drawing ratio and a limiting upsetting ra- 
tio; 

FIGS. 3(a) and 3(b) are microscopic photo- 
graphic presentations of the metal structure of a round 
bar at respective magnifications of 100 and 400; 

FIGS. 4(a) and 4(b) are microscopic photo- 
graphic presentations of the metal structure of a billet 
produced when it is spherodized after being drawn, but 
not spherodized before being drawn, at respective magni- 
fications of 100 and 400; 

FIGS. 5(a) and 5(b) are microscopic photo- 
graphic presentations of the metal structure of a billet 
produced when it is spherodized before and after being 
drawn, at respective magnifications of 100 and 400; 

FIGS. 6(A) through 6(C) are SEM photographic 
presentations of the metal structures of billets at a 
magnification of 1 , 000 ; 

FIG. 7 is a diagram illustrative of effects 
produced by spherodizing a billet before it is drawn; 

FIG. 8 is a view illustrative of an upsetting 

ratio; 

FIG. 9 is a view showing a forging process for 
continuously forging a billet for cold forging into a 
crankshaft; 
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FIG. 10 is a diagram illustrative of a method 
of manufacturing a billet for cold forging according to a 
third invention; 

FIGS. 11(a) and 11(b) are graphs showing an- 
nealing patterns 1, 2, respectively; 

FIG. 12(a) is a photographic representation of 
a cross section of a billet whose surface has been turned 
into a martensitic structure; 

FIG. 12(b) is a diagram produced based on the 
photographic representation of FIG. 12(a), including dif- 
ferent portions whose metal structures are shown in FIGS. 
13 through 16; 

FIG. 13 is a microscopic photographic presen- 
tation showing the metal structure of a portion A shown 
in FIG. 12(b) at a magnification of 100; 

FIG. 14 is a microscopic photographic presen- 
tation showing the metal structure of a portion B shown 
in FIG. 12(b) at a magnification of 200; 

FIG. 15 is a microscopic photographic presen- 
tation showing the metal structure of a portion C shown 
in FIG. 12(b) at a magnification of 400; 

FIG. 16 is a microscopic photographic presen- 
tation showing the metal structure of a portion D shown 
in FIG. 12(b) at a magnification of 400; 
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FIG. 17(a) is a photographic representation of 
a cross section of a billet whose martensitic structure 
has been spherodized by annealing in the pattern 1; 

FIG. 17(b) is a diagram produced based on the 
photographic representation of FIG. 17(a), including dif- 
ferent portions whose metal structures are shown in FIGS. 
18 through 20; 

FIG. 18 is a microscopic photographic presen- 
tation showing the metal structure of a portion A shown 
in FIG. 17(b) at a magnification of 100; 

FIG. 19 is a microscopic photographic presen- 
tation showing the metal structure of a portion B shown 
in FIG. 17(b) at a magnification of 400; 

FIG. 20 is a microscopic photographic presen- 
tation showing the metal structure of a portion C shown 
in FIG. 17(b) at a magnification of 400; 

FIG. 21(a) is a photographic representation of 
a cross section of a billet whose martensitic structure 
has been spherodized by annealing in the pattern 2; 

FIG. 21(b) is a diagram produced based on the 
photographic representation of FIG. 21(a), including dif- 
ferent portions whose metal structures are shown in FIGS. 
22 through 24; 

FIG. 22 is a microscopic photographic presen- 
tation showing the metal structure of a portion A shown 
in FIG. 21(b) at a magnification of 100; 
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FIG. 23 is a microscopic photographic presen- 
tation showing the metal structure of a portion B shown 
in FIG. 21(b) at a magnification of 400; 

FIG. 24 is a microscopic photographic presen- 
tation showing the metal structure of a portion C shown 
in FIG. 21(b) at a magnification of 400; 

FIG. 2 5 is a diagram illustrative of a conven- 
tional cold-forging process for manufacturing a crank- 
shaft ; 

FIG. 26 is a diagram illustrative of a cold- 
forging process which results from the conventional cold- 
forging process by removing a softening step in an inter- 
mediate stage therefrom, the cold-forging process being 
made possible by using a billet manufactured by the 
method according to the third invention and a method pro- 
posed by the applicant; 

FIG. 27 is a view showing an assembled crank- 
shaft for use in a motorcycle; 

FIG. 28 is a perspective view of a left crank- 
shaft member of the crankshaft; 

FIG. 29(a) is a view of a billet to be proc- 
essed in a first step of methods of cold-forging a crank- 
shaft according to fourth and fifth inventions; 

FIG. 29(b) is a view of a workpiece processed 
by the first step of the methods of cold-forging a crank- 
shaft according to the fourth and fifth inventions; 
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FIGS. 30(a), 30(b), and 30(c) are plan, front 
elevational, and side elevational views, respectively, of 
a workpiece processed by a second step of the methods of 
cold-forging a crankshaft according to the fourth and 
fifth inventions; 

FIGS. 31(a) and 31(b) are front and side ele- 
vational views, respectively, of a workpiece processed by 
a third step of the methods of cold-forging a crankshaft 
according to the fourth and fifth embodiments of the pre- 
sent invention; 

FIGS. 32(a) and 32(b) are front and side ele- 
vational views, respectively, of a workpiece processed by 
a fourth step of the methods of cold- forging a crankshaft 
according to the fourth and fifth inventions; 

FIGS. 33(a) and 33(b) are front and side ele- 
vational views, respectively, of a workpiece processed by 
a fifth step of the methods of cold-forging a crankshaft 
according to the fourth and fifth inventions; 

FIGS. 34(a) and 34(b) are diagrams illustra- 
tive of yields of a cold-forging method according to the 
present invention and a conventional hot -forging method; 

FIG. 35 is a fragmentary perspective view il- 
lustrative of a large burr produced due to an insuffi- 
cient volume distribution; 
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FIGS. 36(a), 36(b), and 36(c) are views show- 
ing the timing and measuring points of hardness tests 
conducted on a crankshaft before and after it is aged; 

FIGS. 37(a), 37(b), and 37(c) are diagrams 
showing the results of a mechanical strength test con- 
ducted on a crankshaft according to a sixth invention; 

FIG. 38 is a TEM photographic presentation of 
a metal structure before aging at a magnification of 
100,000; 

FIG. 39 is a TEM photographic presentation of 
a metal structure after aging at a magnification of 
100,000; 

FIG. 40 is a cross-sectional view of a cold- 
forging die apparatus according to a seventh invention; 

FIGS. 41(a), 41(b), 42(a), and 42(b) are 
cross -sectional views illustrative of a punching step 
carried out by the cold-forging die apparatus; 

FIG. 43 is a cross-sectional view of a cold- 
forging die apparatus according to ah eighth invention; 

FIG. 44 is a cross -sectional view of a punch 
of the cold- forging die apparatus according to the eighth 
invention; 

FIG. 45 is a view as viewed in the direction 
indicated by the arrow A in FIG. 44; 

FIG. 46 is an enlarged view of an encircled 
portion B in FIG. 44; 
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, punch and the deformation of a die in a forming process. 



FIG. 47 is an/enlarged view of an encircled 
portion C in FIG. and 

FIG. 48 is an enlarged schematic view showing 
the relationship betwee/i the radial position of a forming 

5 . Detailed Description of the Preferred Embodiments : 
cC^? First and second inventions will be described 

below with reference to FIGS. 1 through 9. Billets ac- 
cording to the first and second inventions are made of a 
steel which is composed of 0.46 - 0.48 wt % of C, 0.14 or 
less of Si, 0.55 - 0.65 wt % of Mn, 0.015 wt % or less of 
P f 0.015 wt % or less of S, 0.15 wt % or less of Cu, 0.20 
wt % or less of Ni, and 0.35 wt % or less of Cr. The 
composition is basically based on the composition of the 
steel S48C which is a material for hot forging, with the 
amount of C for maintaining hardenability being equiva- 
lent to that of the steel S48C and the amounts of Si, P, 
S responsible for cracking being reduced. 

C is an element most effective for cold forge- 
ability per unit %, and is important from the standpoint 
of mechanical properties, particularly, material strength 
and hardenability. Specifically, crankshafts require a 
certain mechanical strength in their entirety and also 
require high hardness in local regions including worms 
and tapers. For quenching those local regions after be- 
ing forged to achieve increased hardness, it is necessary 
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to set the proportion of C to the range from 0.46 to 0.48 
wt %. 

Si is present in pig iron as a raw material, 
and removed almost entirely in the steelmaking process. 
However, it may be added as a deoxidizer in a final stage 
of the steelmaking process. The steel S48C contains 0.15 
to 0.35 wt % of Si, which is partly in the form of a 
solid solution in ferrite in the steel. Since Si impairs 
f orgeability , its amount as a cold forging constituent 
should be as little as possible, and should be at most 
0.14 wt %. 

Mn remains somewhat in the steelmaking proc- 
ess. Since it is added as a deoxidizer, the steel S48C 
contains 0.60 to 0.90 wt % of Mn. Mn is bonded to S, and 
dispersed as manganese sulfide in the steel. It is 
partly in the form of a solid solution in ferrite. Mn 
that tends to be bonded to S becomes MnS . Since MnS is 
liable to start cracking in the forging process, it is 
preferable to reduce the amount of MnS. However, Mn in 
the form of a solid solution in ferrite allows the steel 
to be quenched easily, inhibiting the growth of crystal 
grain . Therefore , the amount of Mn is included in the 
range from 0.55 to 0.65 wt %. 

P forms a solid solution in ferrite. If a 
large amount of P is included, then it is combined with 
part of the iron, forming iron phosphide. Since P in the 
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form of a solid solution in ferrite reduces the elonga- 
tion of the ferrite and also reduces impact values at 
normal temperature, it tends to cause cracking upon ma- 
chining. 

P is allowed to be contained up to 0.03 wt % 
in the steel S48C, but the allowed amount is too high as 
a cold forging constituent . The proportion of P is set 
to at most 0.015 wt %. 

S is combined with part of Mn, forming MnS, 
which tends to start cracking in the forging process. 
While MnS is allowed to be contained up to 0.035 wt % in 
the steel S48C, the allowed amount is too high as a cold 
forging constituent. 

According to the present invention, in order 
to minimize the contents of elements that impair the ma- 
chinability, i.e.. Si, P, S, for increased cold forge- 
ability. Si is set to 0.14 wt % or less, P to 0.015 wt % 
or less, and S to 0.015 wt % or less. 

When Cu is heat to a high temperature, it is 
less oxidized than Fe, and enriched in the surface, caus- 
ing red brittleness. Therefore, a substantially equal 
amount of Ni is added to prevent red brittleness . Fur- 
thermore, a small amount of Cu that is contained is con- 
sidered to increase ferrite hardness, impairing cold 
f orgeability . Therefore, Cu is set to 0.15 wt % or less. 
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In addition to the above effect, Ni increases 
hardenability , prevents low- temperature brittleness, and 
improves corrosion resistance. Ni is added in the same 
amount as in the steel S48C. Since Cr increases hardena- 
bility and tempering resistance and also increases corro- 
sion resistance tending to produce a stable carbide, Cr 
is added in the same amount as in the steel S48C. 

For cold forging the material of the above 
constituents, a billet is prepared. First, the material 
is subjected to a first spherodizing annealing process to 
spherodize the internal carbide, and thereafter drawn at 
a predetermined sectional area reduction ratio and then 
cut to a desired dimension. Then, the material is sub- 
jected to a second spherodizing annealing process to pro- 
mote the dispersion of the internal carbide for an in- 
creased spherodizing ratio. In this manner, the hardness 
is lowered for better machinability and a higher surface 
layer elongation ratio. 

Specifically, as shown in FIG. 1, a bar of the 
steel material composed of the above constituents was 
subjected to acid pickling, and thereafter subjected to 
the first spherodizing annealing process for thereby 
spherodizing the cementite to increase the machinability 
of the entire material, to be able to give strains well 
inside the bar, and to make the pearlite finer. 
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In the first spherodizing annealing process, 
the bar was held at 7 40° C for 6 hours, and thereafter the 
temperature was dropped to 680° C at a rate of 20°C/h / af- 
ter which the bar was cooled in the furnace . 

Then, the bar was pickled in an acid, bonder- 
ized, and drawn for an increased limiting upsetting ra- 
tio. FIG. 2 is a graph showing the relationship between 
the cold drawing ratio (sectional area reduction ratio) 
of the spherodized steel and the limiting upsetting ratio 
thereof. It can be seen from FIG. 2 that the limiting 
upsetting ratio is maximized when the cold drawing ratio 
(sectional area reduction ratio) is about 20 %. This 
fact has heretofore been known in the art. 

The reason why the limiting upsetting ratio 
increases by the drawing process is believed to be that 
when the bar is drawn, the austenite grain is made finer 
upon annealing, making it possible to increase the 
spherodizing rate. In this embodiment, the bar was drawn 
at the cold drawing ratio (sectional area reduction ra- 
tio) of about 20 % in order to achieve the maximum limit- 
ing upsetting ratio. 

As shown in FIG. 1, the cold drawing ratio 
(sectional area reduction ratio) is a value represented 
by (D 2 - d 2 )/D 2 x 100 where D is the diameter of the bar 
before it is drawn and d the diameter of the bar after it 
is drawn. 
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Then, the bar was cut to a desired dimension, 
and picked in an acid, after which the bar was subjected 
to the second spherodizing annealing process to disperse 
the carbide and increase the spherodizing ratio. 

In the second spherodizing annealing process, 
as shown in FIG. 1, the bar was held at 750° C for 2 
hours, and thereafter the temperature was dropped to 
730° C at a rate of 20°C/h, and then the temperature was 
dropped to 680° C at a rate of 15°C/h, after which the bar 
was cooled in the furnace . 

After the second spherodizing annealing proc- 
ess, the surface of the bar was adjusted by shot blasting 
and bonderizing, thus producing a billet for cold forg- 
ing. 

FIGS. 3 through 5 show differences of metal 
structures of the bar and the billet which has been re- 
fined by the above drawing and spherodizing annealing 
steps. 

FIGS. 3(a) and 3(b) are microscopic photo- 
graphic presentations of the metal structure of a round 
bar at respective magnifications of 100 and 400. FIGS. 
4(a) and 4(b) are microscopic photographic presentations 
of the metal structure of the billet produced when it is 
spherodized after being drawn, but not spherodized before 
being drawn, at respective magnifications of 100 and 400. 
FIGS. 5(a) and 5(b) are microscopic photographic presen- 
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tations of the metal structure of a billet produced when 
it is spherodized before and after being drawn, at re- 
spective magnifications of 100 and 400. 

As can be seen from the photographic presenta- 
tions of the metal structures shown in FIGS. 3 through 5, 
the billet which has not been spherodized before being 
drawn has carbide spherodized, but a pearlite structure 
remaining, as compared with the round bar, but the billet 
which has been spherodized before and after being drawn 
has fine carbide dispersed, indicating that the two 
spherodizing steps before and after the drawing step are 
effective . 

The increase in the spherodizing level (as its 
numerical value is smaller, a more spherical shape is 
achieved) and the reduction in the billet hardness are 
effective to make forgeability better, and the penetra- 
tion of the decarburized layer (ferrite surface layer) 
depth is effective in increasing the elongation ratio of 
the surface layer. 

Different materials were experimented for an 
aspect ratio. The materials were composed of 0.46 - 0.48 
wt % of C, 0.14 or less of Si, 0.55 - 0.65 wt % of Mn , 
0.015 wt % or less of P, 0.015 wt % or less of S, 0.15 
wt % or less of Cu, 0.20 wt % or less of Ni, 0.35 wt % or 
less of Cr, and a remainder of Fe and impurities. 
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The metal structures of the material 1 which 
was spherodized without being drawn, the material 2 which 
was not spherodized before being drawn at a drawing ratio 
of 20 %, and the material 3 which was spherodized before 
and after being drawn at a drawing ratio of 20 % are 
shown in FIGS. 6(A) through 6(C) at a magnification of 
1000. 

7 As shown in Table 1, the aspect ratio (b/1 x 
00) representing the spherodized ratio of carbide in 
each of the materials /was 506 % for the material 1, 347 % 
for the material 2, And 300 % % for the material 3. 

Each of the materials was cold-forged (upset) 
at an upsetting ratio of - L 2 )/L x x 100 = 90 (%), as 

shown in FIG. 8. The percentages of cracks of the mate- 
rials were 35 %, 5 %, and 0 %, respectively. 

It has been found that by carrying out two 
spherodizing annealing steps, the carbide crystal becomes 
more spherical in shape, making the materials more resis- 
tant to cracking upon cold forging. 

¥ab±e^=ar 
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In order to confirm 



le effectiveness of the 



/material constituents according to the present invention, 
\ the results of an upsetting test are shown in Table 2 be- 
low. The upsetting ratio was 90 %, and the materials 
(billets) used in the /Upsetting test were spherodized be- 
fore and after being/ drawn . ^ 

Table ^ 



When the upsetting test was conducted on the 
steel S48C, the percentage of cracks that occurred was 
20 % (N = 100). The crack occurrence percentage of 20 % 
is not suitable for a material for cold forging. 

The inventors attempted to reduce the propor- 
tion of Mn. As a result, the crack occurrence percentage 
reduced to 12 %. However, this crack occurrence percent- 
age is still not suitable for a material for cold forg- 
ing. Since the steel S48C contains Mn at a proportion 
ranging from 0.60 to 0.90 wt %, the steel S48C and the 
material in which the proportion of Mn was reduced over- 
lap each other in the range from 0.60 to 0.65 wt %. This 
is because the proportion of Mn cannot strictly be speci- 
fied, but some variations are inevitable for the propor- 
tion of Mn. Such variations of the proportion of Mn are 
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acceptable because some billets made of S48C do not crack 
and some billets made of the material in which the pro- 
portion of Mn is reduced crack. 

Since it was found that reducing the propor- 
tion of Mn is not sufficient, the inventors then reduced 
the amount of C (carbon) to the extent that hardenability 
would not be adversely affected. As a result, the crack 
occurrence percentage reduced to 5 %. However, this 
crack occurrence percentage is still not suitable for a 
material for cold forging. 

The inventors then reduced the contents of 
elements that were considered to impair the machinabil- 
ity, i.e. , Si, P, S, and Cu, and conducted an upsetting 
test on the resultant material. Specifically, Si was set 
to 0.14 wt % or less, P to 0.015 wt % or less, S to 0.015 
wt % or less, and Cu to 0.015 wt % or less. As a result, 
the crack occurrence percentage was 0 % as shown in Table 
2. 

The spherodizing level, the billet hardness 
(HRC), and the decarburized layer depth (mm) achieved by 
one spherodizing annealing step and two spherodizing an- 
nealing steps were compared as shown in FIG. 7. 

The increase in the spherodizing level (as its 
numerical value is smaller, a more spherical shape is 
achieved) and the reduction in the billet hardness are 
effective to make forgeability better, and the penetra- 
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tlon of the decarburized layer (ferrite surface layer) 
depth is effective in increasing the elongation ratio of 
the surface layer. 

Each of the materials was subjected to an up- 
setting test, and the results of the test are as shown in 
Table 1 above. As shown in FIG. 8, the upsetting test 
was conducted at an upsetting ratio of (L x - L 2 ) /L x x 100 = 
90 (%). As a consequence, cracks occurred when no 
spherodizing annealing was performed before being drawn, 
and no cracks occurred when spherodizing annealing was 
performed before and after being drawn if the drawing ra- 
tio was in the range from 18 % to 20 %. 

It was confirmed that the upsetting limit when 
no spherodizing annealing was performed before being 
drawn was in the range from 70 to 75 % whereas the upset- 
ting limit when spherodizing annealing was performed be- 
fore and after being drawn was 90 % or higher. There- 
fore, the invention has proven effective. 

If a crankshaft is produced by continuously 
cold- forging the billet thus prepared through a plurality 
of stages as shown in FIG. 9, then the crankshaft can 
continuously be formed without an intermediate annealing 
step during the forging process, and the hardenability of 
the crankshaft is good. 

As shown in FIG. 1, a billet produced by being 
rolled is pickled in an acid, subjected to the first 
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spherodizing annealing process, and then pickled in an 
acid and bonderized. Thereafter, the billet is drawn and 
cut, and then subjected to the second spherodizing an- 
nealing process. In this manner, a series of cold forg- 
ing steps including deep drawing, upsetting, roughing 
process, finishing process, outer edge removal, and pin 
hole forming can be carried out without the need for an 
intermediate softening step, as shown in FIG. 26. How- 
ever, it is necessary to perform a total of two 
spherodizing annealing steps before and after the drawing 
step. It is desirable to further reduce the number of 
manufacturing steps from the standpoint of cost. 

According to a third invention, only one 
spherodizing annealing step is involved. The third in- 
vention will be described below with reference to FIGS. 
10 through 24. FIG. 10 is a diagram illustrative of a 
method of processing a billet for cold forging according 
to the third invention. According to the third inven- 
tion, a blank 2 unloaded from a heating furnace 1 is 
rolled by a rolling machine 3, cut to a desired dimension 
by a cutting shear 4, and thereafter quenched in a cool- 
ing device 5. Thereafter, the blank is divided into a 
billet (rod) 7 or a coil material 8. The billet 7 is fed 
into a cooling bed 6, and the coil material 8 is wound. 

The billet 7 or the coil material 8 is of a 
highly hard martensitic structure in its surface. The 
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billet 7 or the coil material 8 which is of a highly hard 
martensitic structure in its surface is cut, pickled in 
an acid, and then subjected to spherodizing annealing. 

When the surface of the blank is quenched in 
the cooling device 5 , it has heretofore been difficult to 
wind the coil material. By quenching the blank under op- 
timum cooling conditions, it is possible to obtain the 
coil material 8 with a martensitic structure formed in 
its surface. 

The billet 7 or the coil material 8 is of the 
above constituents, and the annealing conditions are 
shown in FIG. 11(a). Specifically, the billet 7 or the 
coil material 8 was held at 740° C for 6 hours, and there- 
after the temperature was dropped to about 680° C at a 
rate of 20°C/h, after which the billet 7 was cooled in 
the furnace according to a pattern 1 shown in FIG. 11(a), 
and the billet 7 or the coil material 8 was held at about 
750° C for 4 hours, held at about 735° C for 3.5 hours, and 
thereafter the temperature was dropped to about 680° C at 
a rate of 15°C/h, after which the billet 7 was cooled in 
the furnace according to a pattern 2 shown in FIG. 11(b). 

Actual metal structures will be described be- 
low with reference to microscopic photographic presenta- 
tions of the metal structures. 

FIGS. 12 through 16 are microscopic photo- 
graphic presentations showing metal structures before be- 
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ing annealed. FIG. 12(a) is a photographic representa- 
tion of a cross section of a billet whose surface has 
been turned into a martensitic structure, and FIG. 12(b) 
is a diagram produced based on the photographic represen- 
tation of FIG. 12(a), including different portions whose 
metal structures are shown in FIGS. 13 through 16. FIG. 
13 is a microscopic photographic presentation showing the 
metal structure of a portion A shown in FIG. 12(b) at a 
magnification of 100, FIG. 14 is a microscopic photo- 
graphic presentation showing the metal structure of a 
portion B shown in FIG. 12(b) at a magnification of 200, 
FIG. 15 is a microscopic photographic presentation show- 
ing the metal structure of a portion C shown in FIG. 
12(b) at a magnification of 400, and FIG. 16 is a micro- 
scopic photographic presentation showing the metal struc- 
ture of a portion D shown in FIG. 12(b) at a magnifica- 
tion of 400. In FIG. 12(a), disposed outside of the bil- 
let is a holder of resin. 

Of the above microscopic photographic presen- 
tations, FIG. 13 and 14 indicate that a fine martensitic 
phase is formed in the surface layer, and an intermediate 
layer is formed radially inwardly of the martensitic 
phase, FIG. 15 indicates that the intermediate layer com- 
prises a mixed phase of martensite, ferrite, and pear- 
lite, and FIG. 16 indicates that the central region com- 
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prises a mixed phase of ferrite and pearlite with no 
martensite . 

FIGS. 17 through 24 are microscopic photo- 
graphic presentations of the metal structures of the bil- 
let which has been pickled in an acid and spherodized by 
annealing in the patterns 1, 2. 

FIG. 17(a) is a photographic representation of 
a cross section of a billet whose martensitic structure 
has been spherodized by annealing in the pattern 1, FIG. 
17(b) is a diagram produced based on the photographic 
representation of FIG. 17(a), including different por- 
tions whose metal structures are shown in FIGS. 18 
through 20, FIG. 18 is a microscopic photographic presen- 
tation showing the metal structure of a portion A shown 
in FIG. 17(b) at a magnification of 100, FIG. 19 is a mi- 
croscopic photographic presentation showing the metal 
structure of a portion B shown in FIG. 17(b) at a magni- 
fication of 400, FIG. 20 is a microscopic photographic 
presentation showing the metal structure of a portion C 
shown in FIG. 17(b) at a magnification of 400, FIG. 21(a) 
is a photographic representation of a cross section of a 
billet whose martensitic structure has been spherodized 
by annealing in the pattern 2, FIG. 21(b) is a diagram 
produced based on the photographic representation of FIG. 
21(a), including different portions whose metal struc- 
tures are shown in FIGS . 22 through 24, FIG. 22 is a mi- 
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croscopic photographic presentation showing the metal 
structure of a portion A shown in FIG. 21(b) at a magni- 
fication of 100, FIG. 23 is a microscopic photographic 
presentation showing the metal structure of a portion B 
shown in FIG. 21(b) at a magnification of 400, and FIG. 
24 is a microscopic photographic presentation showing the 
metal structure of a portion C shown in FIG. 21(b) at a 
magnification of 400. 

It can be understood from these figures that 
the metal structures do not differ from each other irre- 
spective of the annealing patterns shown in FIGS. 11(a) 
and 11(b), and the martensitic phase in the surface layer 
is of a fine spherodized structure comprising a mixed 
phase of ferrite and cementite. In the central region, 
of a mixed phase of ferrite and pearlite, pearlite is in 
the process of being broken and spherodized, with 
slightly needle-shaped carbide being present. 

Table 3 shown below indicates the results of 
*^an upsetting test and a crankshaft forming test on dif- 
ferent materials and sj^herodizing processes. 

The upsetting test was conducted on a billet 
whose size was represented by a diameter of 34.6 7 and a 
length of 60 at a compression ratio of 87.5 %, and the 
crankshaft forming test was conducted on a billet whose 
size was represented by a diameter of 34.67 and a length 
of 73 partly at an upsetting ratio of 93 % and a drawing 
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ratio of 93 %. In the results of a cracking confirmation 
test, the denominator represents the number of test 
pieces subjected to the test, and the numerator the num- 
ber of test pieces which cracked. 

Table J 
A 



It has been confirmed from Table 3 that the 
billet processed by the mexhod according to the third in- 

J" ~7 

/ vention did not crack/as with the billet which was sub- 
jected to spherodiz^-ng annealing before and after being 
drawn . 

In Table 3 , the R material is a material that 
is air-cooled by the cooling becK; rather than being 
quenched, and the controlled .rolling material is of a 
fine alpha structure produced by strictly controlling hot 
rolling conditions. Sinpe the R material, even if an- 
nealed, tends to crack/upon being forged, it has hereto- 
fore been customary to use the controlled rolling mate- 
rial. However, it/can be seen that the controlled roll- 
ing material is , caused to crack if it has been annealed 
once. It can /also be seen that no cracking occurs if the 
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According to the third invention, as described 
above, the surface of the blank unloaded from the heating 
furnace is turned into a fine martensitic structure by 
quenching the blank after it has been rolled, and then 
the blank is annealed to change the martensite into a 
fine spherodized structure comprising ferrite and cemen- 
tite. Therefore, it is possible to produce a billet 
which is of low hardness and excellent def ormability in 
its both surface and inside. 

By cold-forging the billet which is of low 
hardness and excellent def ormability , it can continuously 
be cold-forged until the end of the process without the 
need for an intermediate softening step. Therefore, the 
cost of the equipment can greatly be reduced, and the 
working environment can be improved. 

If an engine part with a shaft, such as a 
crankshaft or the like, is manufactured from the billet 
according to the third invention, it is not necessary to 
make a plurality of preparatory actions as with the con- 
ventional hot forging process, and a subsequent grinding 
process can be dispensed with. 
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Fourth and fifth inventions relate to a method 
of forging a disk- shaped part with a shaft such as a 
split -type crankshaft for a motorcycle engine or the 
like. The method allows a disk- shaped part with a shaft 
to be continuously cold-forged, rather than being hot- 
forged as has been conventional, so that mechanical ma- 
chining and surface finishing in subsequent steps for 
padding removal are dispensed with. The fourth and fifth 
inventions will be described below with reference to 
FIGS. 27 through 34. 

FIG. 2 7 is a view showing an assembled crank- 
shaft for use in a motorcycle, FIG. 28 is a perspective 
view of a left crankshaft member of the crankshaft, and 
FIGS. 29 through 33 are views illustrative of a method of 
cold- forging a crankshaft according to the fourth and 
fifth inventions . 

The method is applied to the manufacture of a 
crankshaft 11a, as a disk- shaped part with a shaft, on 
one side (left side in the embodiment) of a crankshaft 11 
shown in FIG. 27. 

Specifically, the crankshaft 11 comprises left 
and right split -type crankshafts 11a, lib, each as a 
disk-shaped part with a shaft, and a coupling pin 11c 
joined in pin holes p defined in counterweights of the 
crankshafts 11a, lib. The cold-forging method according 
to the invention is applicable to either one of the 
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crankshafts 11a, lib. For illustrative purpose, the left 
crankshaft 11a with splines formed on its shaft will be 
described below as a representative example. 

As shown in FIG. 28, the left crankshaft 11a 
has a counterweight w having asymmetrical thicknesses 
with complex surface irregularities on an outer surface 
thereof, and a multi- stepped shaft j having at least two 
different -diameter portions. Splines s are formed on a 
portion of the multi-stepped shaft j. The crankshaft 11a 
is continuously cold-forged from a cylindrical billet B 
shown in a left portion of FIG. 29. The compositional 
constituents of the billet B and a method of manufactur- 
ing the billet B will briefly be described below. 

The billet B is made of a steel (hereinafter 
referred to as S48C) which is composed of 0.46 - 0.48 
wt % of C (carbon), 0.14 or less of Si (silicon), 0.55 - 
0.65 wt % of Mn (manganese), 0.015 wt % or less of P 
(phosphorus), 0.015 wt % or less of S (sulfur), 0.15 wt % 
or less of Cu (copper), 0.20 wt % or less of Ni (nickel), 
and 0.35 wt % or less of Cr (chromium). 

The billet B is manufactured from a bar of the 
steel having the above compositional constituents accord- 
ing to the method of the second invention or the third 
invention as described above. 

The crankshaft 11a is cold-forged as follows: 
As shown in FIG. 29, the billet B prepared according to 
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the above manufacturing method is pressed downwardly to 
draw, in a restrained fashion, a multi- stepped shaft j 
having different -diameter portions which is contiguous to 
a main body h that is of substantially the same diameter 
as the billet B, in a first step. 

In the embodiment, the multi-stepped shaft j 
has two portions, i.e., a medium- diameter portion having 
a cross -sectional area Al and a small -diameter portion 
having a cross-sectional area A2 . If the cross -sectional 
area of the main body h, which is substantially the same 
as the original cross -sectional area of the billet B, is 
AO, then the small-diameter portion is drawn at a drawing 
ratio of about (AO - A2)/A0 x 100 = 75 - 85 %, so that no 
buckling or breakage will be caused in a subsequent up- 
setting step for reducing the diameter of a portion of 
the free end of the multi-stepped shaft j. 

In a second step, as shown in FIG. 30, the di- 
ameter of the main body h is increased and the diameter 
of the free end of the multi- stepped shaft j is reduced 
by upsetting and drawing. 

Since the main body h will finally have to be 
finished into asymmetrical volumes (e.g., 1 : 2) with 
different thicknesses on left and right sides, the main 
body h is upset to slightly different thicknesses depend- 
ing on the distribution of the volumes at this stage, 
with lower surfaces inclined at different angles to the 
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direction in which the thickness varies, as shown in FIG. 
30 , such that the angle of inclination of a lower surface 
e of the thinner portion is greater than the angle of in- 
clination of a lower surface f of the thicker portion. 

The angles of inclination are used to adjust 
the flow of the material in the subsequent upsetting step 
for thereby preventing the material from flowing toward 
the thinner portion and allowing the material to flow 
easily toward the thicker portion. 

In the embodiment, as shown in FIG. 30(a), the 
smaller angle of inclination of the lower surface f re- 
mains substantially the same, e.g., about 10 to 12 de- 
grees, in a range wherein a junction line (indicated by 
the broken line) between the inclined surface and the 
flat surface is spaced substantially the same distance 
from the center of the multi-stepped shaft j over a sub- 
stantially half on the right portion, and the greater an- 
gle of inclination of the left lower surface e is pro- 
gressively greater from the opposite sides toward the 
center, the angle being maximum in the range from about 
20 to 23° at the center. 

An excessive portion y is disposed outside of 
the inclined surface e having the greater angle of incli- 
nation, and other excessive portions x are disposed on 
opposite lower surfaces that are 90° out of phase with 
the excessive portion y. 
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These excessive portions y, x serve to prevent 
an underfill from being formed in the step at an asymmet- 
rical boundary in a subsequent step, and may be disposed 
on upper surfaces, rather than the lower surfaces. 

If the main body h has a height BO after the 
first step shown in FIG. 29 and the thinner portion of 
the main body h has a thickness BO after the second step 
shown in FIG. 30, then the thicknesses are selected such 
that (BO - B1)/B0 x 100 = 7 5 - 85 %, and if the free end 
of the multi-stepped shaft j after the second step has a 
cross-sectional area A3, then the cross-sectional area is 
selected such that (AO - A3)/Aa0 x 100 = 82 - 88 %. 

In a third step, as shown in FIG. 31, the main 
body h is upset to rough the same so as to make it shaped 
closely to the shape of the counterweight w shown in FIG. 
28, the corner of the step of the multi-stepped shaft j 
is sharpened, and the diameter of the free end is re- 
duced. 

Since the upset main body h has been formed by 
a lower die having different angles of inclination as de- 
scribed above with respect to the second step, the volume 
of the thicker portion and the volume of the thinner por- 
tion have a ratio of about 2/3 : 1/3. 

Assuming that the ratio of the volume of the 
thicker portion and the volume of the thinner portion is 
to be set to about 2/3 : 1/3 without different angles of 
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Inclination on the lower surface, if the main body h has 
a volume V, as shown in FIG. 35, a burr b having a volume 
of 1/2 V - 1/3 V = 1/6 V is formed, resulting in an in- 
creased pressurizing area which requires an excessive 
load tending to damage the dies and also to cause the 
thinner position to crack and suffer poor accuracy. 

The volume difference may be formed upon forg- 
ing by a general process of initially holding the main 
body h and the mult i- stepped shaft j out of coaxial 
alignment with each other, producing an eccentric shaft, 
and thereafter applying a compressive load on the shaft. 
According to this process, however, if the volume differ- 
ence is to be of a large value of about 1/2 : 1/3, then 
the material is liable to crack. Therefore, the process 
cannot be employed. 

With the different angles of inclination being 
provided on the lower surface, as described above, to ad- 
just the material flow upon forging for achieving the 
volume difference, the material is not subject to crack- 
ing, and the main body can be forged without the applica- 
tion of an excessive load. 

If the thinner portion of the main body h af- 
ter the third step has a thickness B2, then the thickness 
is selected such that (BO - B2)/B0 x 100 - 90 - 92 %, and 
if the free end of the multi- stepped shaft j after the 
third step has a cross -sectional area A4 , then the cross - 
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sectional area is selected such that (AO - A4 ) /AaO x 100 
=88-92 %. 

In a fourth step, as shown in FIG. 32, the 
asymmetrical boundary of the main body h is pressurized 
to reduce the roundness of the step for thereby finishing 
the main body h to the shape of the counterweight w. A 
central hole c is formed in the center of the surface of 
the main body h and the center of the free end of the 
multi-stepped shaft j, and at the same time, splines s 
are formed on a portion of the multi- stepped shaft j . 

In a final fifth step, as shown in FIG. 33, a 
pin hole p is punched through the main body h, and at the 
same time a burr or the like (not shown) is removed from 
the outer peripheral edge of the main body h . 

When the pin hole p is punched, the corners of 
the peripheral edge of the pin hole p on the upper and 
lower surfaces are beveled. 

The crankshaft 11a of the shape shown in. FIG. 
28 is formed according to the method described above. 
The other crankshaft lib shown in FIG. 27 is formed in 
substantially the same manner as described above. The 
crankshafts 11a, lib are integrally joined to each other 
by the coupling pin 11c fitted in the pin holes p in the 
crankshafts 11a, lib. 

The above series of the cold- forging steps can 
continuously be performed without the need for an inter - 
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mediate annealing step if the time intervals between the 
steps are about 6 minutes or less because a large amount 
of carbide that tends to start cracking is present in the 
form of a solid solution in ferrite and the elongation 
ratio increases due to heating upon forging. 

The yields of the crankshaft 11a thus manufac- 
tured by the above continuous cold- forging method and the 
crankshaft manufactured by the conventional hot -forging 
method are compared as shown in FIG. 34. 

According to the hot -forging method, as shown 
in FIG. 34(b), in order to manufacture a crankshaft hav- 
ing a completed weight 887 g, a stock weight of 1530 g 
and a blank weight of 1245 g are necessary, and a weight 
of 358 g is cut off the blank weight, with a completion 
yield of 58 % and a blank yield of 81 %. According to 
the continuous cold- forging method of the present inven- 
tion, as shown in FIG. 34(a), in order to manufacture a 
crankshaft having a completed weight 887 g, a stock 
weight of 1120 g and a blank weight of 1035 g are suffi- 
cient, and a weight of 148 g is cut off the blank weight, 
with a completion yield of 80 % and a blank yield of 
98 %. 

In the method of cold-forging a crankshaft ac- 
cording to the fourth invention, the crankshaft is con- 
tinuously cold-forged from the first step through the 
fifth step. The yield is increased because scale removal 
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and mechanical machining for achieving accuracy in subse- 
quent steps are dispensed with. 

In the fourth step, splines may be formed si- 
multaneously on the end of the multi-stepped shaft, so 
that mechanical machining for forming splines may also be 
dispensed with. 

In the cold- forging method according to the 
fifth invention, a disk-shaped part with a shaft, which 
has a disk that is asymmetrical with respect to the cen- 
tral axis and has different left and right volumes , is 
formed in a plurality of forging steps. Therefore, the 
manufacturing process is simplified, and a greater yield 
than with the cold- forging process can be achieved. 

The volume ratio of the disk which is set to 
about 1 : 2 is preferable for a counterweight for a 
crankshaft, for example. 

For a volume distribution, inclined surfaces 
having different angles of inclination are formed on left 
and right joints from the blank shaft to the disk in the 
forging process, and the angle of inclination of the 
greater-volume portion is smaller than the angle of in- 
clination of the smaller-volume portion. With this ar- 
rangement, the crankshaft can be formed without cracking 
in the material, and the forging load can be reduced. 

A method of cold-forging a crankshaft accord- 
ing to a sixth invention is characterized by using the 
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billet having the above compositional constituents, and 
will be described below with reference to FIGS. 36 
through 39. 

A billet from which the crankshaft shown in 
FIG. 27 is formed is made of a carbon steel which is com- 
posed of 0.46 - 0.48 wt % of C, 0.14 or less of Si, 0.55 
- 0.65 wt % of Mn, 0.015 wt % or less of P, 0.015 wt % or 
less of S, 0.15 wt % or less of Cu, 0.20 wt % or less of 
Ni, 0.35 wt % or less of Cr, and a remainder of Fe and 
impurities. 

The billet is manufactured from a bar of the 
above composition by the method according to the second 
invention or the third invention. 

A billet manufactured according to the above 
process is prepared. In a first step, the billet is 
processed into a multi- stepped intermediate blank. In a 
second step, the multi- stepped intermediate blank is up- 
set to increase the diameter of a large -diameter portion. 
In a third step, the thickness of the large -diameter por- 
tion is roughed into an approximate asymmetrical counter- 
weight shape. In a fourth step, the large -diameter por- 
tion is finished into an asymmetrical shape, and splines 
and a central hole are formed in required positions, if 
necessary. 

In a fifth step, a pin hole is punched in a 
portion of the large -diameter portion, and at the same 
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time, a burr is removed from the outer peripheral edge of 
the large -diameter portion. The above series of cold- 
forging steps is continuously carried out without the 
need for intermediate annealing. 

An aging process according to the sixth inven- 
tion is performed on the crankshaft thus produced by- 
holding the crankshaft at 250 to 350° C for 1 to 2.5 
hours, and thereafter cooling the crankshaft to normal 
temperature . s 

Crankshaft were cold -forged using a carbon 
steel having the composition shown in Table 4 below, and 

ged for various heating times shown in Table 5 . The 
crankshafts were measured for surface hardness (HRC) 
prior to the aging, /surf ace hardness (HRC) subsequent to 
the aging, and internal hardness (HRC) , and analyzed for 
metal crysta/ lattice constants by way of X-ray diffrac- 
tion. 

/ 

^ The temperature of the aging process was 

iC? 300° C, and No. A in Table 5 was not subjected to the ag- 

&- / 

ing process . . / 
^_ Table / 



4 

Table jaf 
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The correlations between the hardnesses (HRC) 
prior and subsequent to the aging process and the average 
lattice constants were^ compared with each other. The re- 
sults are shown in/Table 6. It is found that the greater 
the average lattice constant (d value), the higher the 
hardness (HRGj . 

Table $ 



This means that as more lattice defects are 
contained between atoms, i.e., as the average lattice 
constant (d value) is greater, the hardness is higher. 
The hardness is increased by the aging process presumably 
because when the crankshafts are cooled in the atmosphere 
after it has been heated to a low temperature, precipita- 
tions are produced between crystals and many dislocations 
can be fixed. 

FIG. 38 is a TEM photographic presentation of 
a metal structure before aging at a magnification of 
100,000, and FIG. 39 is a TEM photographic presentation 
of a metal structure after aging at a magnification of 
100,000. It can be confirmed from these photographic 
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presentations that the number of precipitations present 
between crystals after the aging process is greater than 
before the aging process. The hardness is considered to 
be increased by the increased number of precipitations , 
or the fixation of dislocations, or both. 

The increase in the hardness and mechanical 
strength was maximized by holding the crankshaft at 250 
to 350° C for 1 to 2.5 hours, and thereafter cooling the 
crankshaft to normal temperature. 

The foregoing effect Als clearly seen from the 
analyzed results shown in TaJ^le 4 - Table 6 . In Table 6 , 
the hardness is small in /ncrease at items below No. C 
/(aging time: 1.0 H) , reaches its peak between No. D and 
No. F (aging time: yl.5 to 2.5 H) , and is reduced due to 
excessive aging ^at No. G (aging time: 4 H) . 

FIG. 36 shows details of a hardness measuring 
test for a crankshaft which was heat at 300° C for 2 
hours. FIG. 36(a) shows the timing of hardness measure- 
ment, FIG. 36(b) shows hardness measurement points before 
aging, and FIG. 36(c) shows hardness measurement points 
after aging. 

Before aging, as sfiown in FIG. 36(b), arbi- 
r~ "/trary locations on the crarikshaf t were measured for sur- 

/ 

face hardness (HRC), and/ three crankshafts No. 1 - No. 3 
were tested. The results are shown in Table 7. 

/ % 

Table J 
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As shown in FIG/ 36(c), the hardness measure- 
ent points after aging /were 7 locations (1) - (7) on the 
crankshaft for surfaces and internal hardness. The re- 
sults are shown in Table 8: 

Table $f 



The average surface hardness (HRC) of the 
crankshaft No. 1 was 23.6 before aging and 23.9 after ag- 
ing, with the average internal hardness (HRC) increased 
to 25.8. The average surface hardness (HRC) of the 
crankshaft No. 2 was 23.3 before aging and 24.2 after ag- 
ing, with the average internal hardness (HRC) increased 
to 24.7. The average surface hardness (HRC) of the 
crankshaft No. 3 was 23.4 before aging and 24.4 after ag- 
ing, with the average internal hardness (HRC) increased 
to 24.7. It is confirmed that the hardness (HRC) of ei- 
ther one of the crankshafts was increased by aging. 
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FIG. 37 shows the results of tests for measur- 
ing the slip torque and the solid fatigue strength of a 
crankshaft . 

With respect to the crankshaft shown in FIG. 
37(a), it was confirmed that the torque around the pin 
hole p in the left crankshaft at the time a slippage 
starts satisfies a predetermined torque value. 

As shown in FIG. 37(b), the S - N diagram of a 
rotational bending fatigue test indicates that aged mate- 
rials (blank marks) according to the present invention 
are essentially equivalent to conventional hot -forged 
blanks (solid marks). That is, the rotational bending 
strength of the aged materials according to the present 
invention are essentially equivalent to that of the con- 
ventional hot -forged blanks. 

As shown in FIG. 37(c), the S - N diagram of 
an solid bending fatigue test indicates that aged materi- 
als (blank marks) according to the present invention are 
essentially equivalent to conventional hot -forged blanks 
(solid marks). That is, the solid bending strength of 
the aged materials according to the present invention are 
essentially equivalent to that of the conventional hot- 
forged blanks . 

In the method of manufacturing a crankshaft 
according to the sixth invention, a crankshaft continu- 
ously formed of a carbon steel of constituents at prede- 
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termined proportions is aged by a low- temperature heat 
treatment for increasing hardness and mechanical 
strength. Therefore, machining processes for surface 
treatment and accuracy guarantee, which would otherwise 
be needed if hot-forged blanks were used, can be dis- 
pensed with, and crankshafts which are of good machining 
efficiency and high accuracy can be manufactured. The 
yield can also be increased, and large cost reduction can 
be achieved. 

A seventh invention is concerned with a cold- 
forging method and a forming die apparatus which simplify 
the manufacturing process by forming a pin hole in a disk 
and removing an outer peripheral portion from the disk of 
a disk- shaped component with a shaft, such as a cold- 
forged crankshaft. The seventh invention will be de- 
scribed below with reference to FIGS. 40 through 42. 
FIG. 40 is a cross-sectional view of a forming die appa- 
ratus according to the seventh invention, and FIGS. 41 
and 42 are cross -sectional views illustrative of a punch- 
ing step carried out by the forging die apparatus . 

The crankshaft has been described with refer- 
ence to FIGS. 27 and 28, and will not be described below. 

As shown in FIG. 40, a forming die apparatus 
21 has an upper die assembly 23 vertically movable with 
respect to a lower die assembly 22. The lower die assem- 
bly 22 comprises a fixed base 24, a lower support base 26 
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vertically movably disposed in a central recess in the 
fixed base 24 and biased by a cushioning member 25 such 
as of urethane or the like, a punch 27 extending verti- 
cally through an intermediate portion of a certain region 
of the lower support base 26, and a stripper 29 disposed 
around an upper portion of the lower support base 26 and 
biased by a cushioning member 28 such as of urethane or 
the like. A position limiting member 31 is disposed be- 
low the lower support base 26 with a given clearance pro- 
vided therebetween. The punch 27 has a lower end fixed 
to the fixed base 24 such that the upper end of the punch 
27 lies substantially flush with the upper surface of the 
lower support base 26. 

A lower knockout pin 32 is disposed centrally 
in the lower support base 26. The lower support base 26 
has a holder hole defined in a portion thereof above the 
lower knockout pin 32 for fitting therein the multi- 
stepped shaft of a crankshaft. 

When the multi- stepped shaft of a crankshaft 
is inserted and set in the holder hole, the lower surface 
of the counterweight of the crankshaft is supported by 
the upper surface of the lower support base 26, and a 
burr around the outer circumferential edge of the coun- 
terweight is supported by the upper surface of the strip- 
per 29. 
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The upper die assembly 23 comprises a movable 
base 34 , an upper support base 36 disposed centrally in 
the movable base 34 and biased by disc springs 35, and an 
upper die 37 disposed around the upper support base 36 
and fixed to a lower portion of the movable base 34. The 
upper support base 36 has a receptacle 38 defined in a 
portion thereof which is aligned with the punch 27 of the 
lower die assembly 22, for receiving the punch 27 
therein. 

A scrap ejector pin 39 is disposed above the 
receptacle 38, and an upper knockout pin 41 is disposed 
centrally in the upper support base 36. 

The cushioning member 25 which supports the 
lower surface of the lower support member 26 and the 
cushioning member 28 which supports the lower surface of 
the stripper 29 have a relatively weak spring rigidity, 
and the disc spring 35 above the upper support base 36 
has a stronger spring rigidity. 

The forming die apparatus 21 is applied to a 
crankshaft that has been formed by a continuous cold 
forging process, for simultaneously forming a pin hole in 
the counterweight of the crankshaft and removing a burr 
from the outer circumferential surface of the counter- 
weight. A forming process carried out by the forming die 
apparatus 21 will be described below with reference to 
FIGS. 41 and 42. 
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As shown in FIG. 41(a), the multi-stepped 
shaft j of a crankshaft Ca is inserted and set in the 
holder hole defined centrally in the upper portion of the 
lower support base 26. At this time, the lower surface 
of the counterweight w of the crankshaft is supported by 
the lower surface of the lower support base 26, and a 
burr b on the outer circumferential surface of the coun- 
terweight w is supported by the stripper 29. 

Then, the upper die 23 is lowered to bring the 
upper support base 3 6 into abutment against the upper 
surface of the counterweight w. The counterweight w is 
sandwiched and held between the upper support base 36 and 
the lower support base 26. Upon further descent of the 
upper die 23, since the spring rigidity of the cushioning 
members 25, 28 is weaker than the spring rigidity of the 
disc springs 35, the cushioning members 25, 28 are con- 
tracted, and the crankshaft Ca is lowered. As shown in 
FIG. 41(b), the punch 27 forms a pin hole P in the coun- 
terweight w. The lower support base 26 stops being low- 
ered as its lower surface is engaged by the position lim- 
iting member 31. 

As the upper die 23 further descends, as shown 
in FIG. 42(a), the disc springs 35 and the cushioning 
members 25, 28 are contracted, and the upper die 37 re- 
moves the burr b from the outer circumferential edge of 
the counterweight w. At this time, the scrap removed by 
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the punch 27 enters the receptacle 38, and the burr b is 
placed between the upper die 37 and the stripper 29. 

In this manner, the pin hole p is formed and 
the burr b is removed from the outer circumferential edge 
of the counterweight w at the same time. 

Upon completion of the formation of the pin 
hole 0 and the removal of the burr b, the upper die 22 is 
lifted. As shown in FIG. 42(b), the scrap removed by the 
punch 27 returns to its original position in the pin hole 
p in the counterweight w, and the removed burr b returns 
to its original position around the counterweight w. 
These scraps will be discharged when the formed crank- 
shaft or workpiece is ejected. 

By having the multi- stepped shaft j fitted in 
the holder hole in the lower support base 26 and forming 
the pin hole p and removing the burr b in the manner de- 
scribed above, the accuracy of the pin hole p is ensured, 
and the outer circumferential edge of the counterweight 
is machined in good balance . As a result , any mechanical 
machining for accuracy guarantee can be dispensed with. 

When the pin hole p is formed and the outer 
circumferential edge of the counterweight is machined at 
the same time according to the above process, the crank- 
shaft is machined efficiently. 

Since the scraps are returned to their origi- 
nal positions and then the workpiece is ejected, it is 
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not necessary for the die assemblies to have scrap dis- 
charge passages, and the scraps can be discharged 
quickly . 

According to the seventh invention, as de- 
scribed above, the disk- shaped part with the shaft which 
has been cold- forged is held by the lower support base 
and the upper support base, then the upper die is lowered 
to lower the disk- shaped part with the shaft by a given 
stroke, thereby forming a hole in the disk with the punch 
of the lower die assembly, and thereafter the upper die 
is further lowered to cause the upper die to remove the 
burr from the outer circumferential edge of the disk. 
Therefore, the hole is formed in the disk and the burr is 
removed from the outer circumferential edge of the disk 
at the same time for increased productivity. 

The hole is formed in the disk with good accu- 
racy and the burr is removed from the outer circumferen- 
tial edge of the disk with good balance. Because the 
scraps are returned to their original positions and then 
removed when the workpiece is ejected, it is not neces- 
sary for the die assemblies to have scrap discharge pas- 
sages, and the scraps can be discharged quickly. 

An eighth invention is concerned with a cold- 
forging die apparatus which is less subject to cracking. 
The eighth invention will be described below with refer- 
ence to FIGS. 43 through 48. FIG. 43 is a cross- 
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sectional view of a cold-forging die apparatus, FIG. 44is 
a cross -sectional view of a punch of the cold-forging die 
apparatus, FIG. 45 is a view as viewed in the direction 
indicated by the arrow A in FIG. 44, FIG. 4 6 is an 
enlarged view of an encircled portion B in FIG. 44, and 
FIG. 4 7 is an enlarged view of an encircled portion C in 
FIG. 44. 

The cold- forging die apparatus comprises a 
lower die assembly 50 and an upper die assembly 70. The 
lower die assembly 50 has a backup block 51 fixedly 
mounted on a base, a hard plate 52 disposed on the backup 
block 51, a hard plate guide ring 53 disposed around the 
hard plate 52, a die anvil 54 disposed on the hard plate 
52, a die anvil guide ring 55 disposed around the die an- 
vil 54, a drawing die insert 56 disposed on the die anvil 
54, a drawing die reinforcing ring 57 disposed around the 
drawing die insert 56, an upsetting die insert 58 dis- 
posed on the drawing die insert 56, an upsetting die in- 
sert guide ring 59 disposed around the upsetting die in- 
sert 58, and a die guide ring 60 disposed around the 
drawing die reinforcing ring 57 and the upsetting die in- 
sert guide ring 59 . 

The upper die assembly 70 has an upper die 
backup block 72 attached to an upper die adjustment plate 
71, a guide ring 73 disposed around the upper die backup 
block 72, an upper die fixing ring 74 threaded over a 
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lower end of the guide ring 73, and a forming punch rein- 
forcing ring 75 and a nib 76 which are held by the upper 
die fixing ring 74, the nib 76 being disposed in the 
forming punch reinforcing ring 75. 

As shown in FIGS. 44 and 45, the nib 76 is 
split into an inner nib 77 and an outer nib 78. The in- 
ner nib 77 has a lower forming surface 77a for forming a 
counterweight and a pin hole portion, where a pin hole 
will subsequently be formed, of a crankshaft. The outer 
nib 78 has a lower forming surface 78a for forming an 
outer circumferential edge of the counterweight . 

The forming surface 78a is subject to radially 
outward forces when it forms an outer circumferential 
edge of the counterweight. Therefore, tensile circumfer- 
ential stresses are developed in the outer nib 78 . The 
forming punch reinforcing ring 75 is used to reduce the 
stresses in the outer nib 78, i.e., to apply compressive 
circumferential stresses to the outer nib 78 in advance. 

When the inner nib 77 is placed in the outer 
nib 78 by shrink fitting, since the outer nib 78 is 
forced radially outwardly, tensile circumferential 
stresses are developed in the outer nib 78. 

As described above, the shrink fitting of the 
inner nib 77 in the outer nib 78 acts to cancel out the 
effect of the forming punch reinforcing ring 75. In or- 
der to make the forming punch reinforcing ring 75 effec- 
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tive, the shrink fitting allowance between the inner nib 
7 7 and the outer nib 78 is set to 0.2 %, and the shrink 
fitting allowance between the outer nib 78 and the form- 
ing punch reinforcing ring 75 is set to 0 . 5 % . 

A split surface 7 9 between the inner nib 77 
and the outer nib 78 is located in the vicinity of a 
boundary between a region where radial stresses mainly 
act in the forming process and a region where axial 
stresses mainly act in the forming process. 

While the upper die assembly 70 is being 
lifted, the shaft of a crankshaft blank W which has been 
formed preliminarily is inserted in the upsetting die in- 
sert 58. Then, the upper die assembly 70 is lowered to 
upset the counterweight of the crankshaft between the up- 
setting die insert 58 and the nib 76. 

The reason why the split surface 79 is located 
as described above will be described below with reference 
to FIG. 48. FIG. 48 is an enlarged schematic view show- 
ing the relationship between the radial position of the 
forming punch and the deformation of the die in the form- 
ing process. It can be seen from FIG. 48 that in the 
forming process , a force which is a combination of a ra- 
dially outward force and an axially upwardly force, i.e., 
a force directed obliquely upwardly to the right , is ap- 
plied to a corner 78a of the outer nib 78, and an axially 



- 68 - 




upwardly force is applied to a lower surface 77a of the 
inner nib 77 . 

Therefore, it can be understood that if the 
nib 76 is not split, then it tends to crack in the bound- 
ary between these forces applied in different directions . 
With the split surface 79 located in the region which 
tends to crank, no undue force is applied to either one 
of the inner nib 77 and the outer nib 78. 

From the standpoint of the boundary between 
the forces applied in different directions, the split 
surface 79 is more advantageous if located in a further 
outward position 79a. However, if the split surface is 
shifted outwardly of the position in the embodiment, 
then, as shown in FIG. 47, a thin portion 77b will be 
present in a portion of the inner nib 77, and tend to 
crack. For this reason, the split surface 79 is shifted 
slightly inwardly of the boundary between the forces ap- 
plied in different directions in the embodiment. Insofar 
as no thin portion 77b is created, it is preferable that 
the boundary between the forces applied in different di- 
rections be used as the split surface 79. 

As is apparent from FIG. 48, since a stronger 
axial force is applied to the inner nib 77 than to the 
outer nib 78, the axial deformation of the inner nib 77 
is greater than the axial deformation of the outer nib 
78, resulting in a step. 
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If the step remains as it is, then the step is 
transferred to the formed product, i.e., the crankshaft. 
In this embodiment, as shown in FIG. 46, with the formed 
lower end surfaces of the inner nib 77 and the outer nib 
78 lying flush with each other, the inner nib 77 has an 
upper end surface 7 7c projecting slightly upwardly beyond 
an upper end surface 78c of the outer nib 78 by a dis- 
tance of 0.2 mm in the embodiment . 

With this arrangement , since the upper end 
surface 7 7c of the inner nib 77 and the upper end surface 
78c of the outer nib 78 abut against the flat lower sur- 
face of the upper die backup block 72 and hence lie flush 
with each other, the forming surface 77a of the inner nib 
77 projects slightly downwardly beyond the forming sur- 
face 78a of the outer nib 78. However, because a 
stronger axial force is applied to the inner nib 7 7 than 
to the outer nib 78, as described above, the axial defor- 
mation of the inner nib 77 is large, with the result that 
the forming surfaces 77a, 78a lie flush with each other 
and produce no step therebetween . 

According to the eighth invention, the die ap- 
paratus for cold- forging a crankshaft or the like has the 
forming punch including the nip that is split into the 
inner nib and the outer nib, and the split surface be- 
tween the inner nib and the outer nib is located in the 
vicinity of the boundary between the forces that are ap- 
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plied in different directions to the nib in the forming 
process. Therefore, the die assembly is less subject to 
cracking, and the service life of the cold-forging die 
assembly, which is placed under more burdens than hot- 
forging die assemblies, can be extended. 

The axial dimension of the inner nib is se- 
lected such that the inner nib projects axially beyond 
the outer nib in view of an axial displacement that oc- 
curs in the forming process. Therefore, no step is cre- 
ated across the split process in the forming process, and 
hence subsequent machining can be omitted. 

Although certain preferred embodiments of the 
present invention have been shown and described in de- 
tail, it should be understood that various changes and 
modifications may be made therein without departing from 
the scope of the appended claims . 
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